Purpose: Cytochrome P450 (CYP450) enzymes metabolize selective serotonin reuptake inhibitor (SSRI) drugs used in treatment of depression. Variants in these genes may impact treatment efficacy and tolerability. The purpose of this study was 2-fold: to systematically review the literature for evidence supporting CYP450 genotyping to guide SSRI treatment for major depression, and, where evidence is inadequate, to suggest future research. Methods: We searched MEDLINEா and other databases for studies addressing five key questions suggested by the Evaluation of Genomic Applications in Practice and Prevention Working Group. Eligibility criteria were defined, and studies were reviewed independently by paired researchers. A conceptual model was developed to guide future research.
Major depressive disorder (MDD) is widely distributed in the population 1 and is associated with severe symptoms and functional impairment. Worldwide, depression is the fourth leading cause of disease burden, in terms of impact on disability-adjusted survival, and the leading cause of nonfatal burden. 2 For individuals who respond to antidepressant drugs, the results can be significant; however, response rates can be as low as 50%, 3 making depression one of the biggest challenges in health care.
Selective serotonin reuptake inhibitors (SSRIs) have become first-line therapy for MDD. Compared with older therapies, such as the tricyclic antidepressants, SSRIs are better tolerated and safer in overdosage, which is an important consideration when treating depressed patients who may become suicidal. However, SSRIs are not without drawbacks. SSRI treatment of MDD is associated with delayed response, typically starting after 2-4 weeks of treatment, high rates of nonresponse (up to 50%), and discontinuation secondary to poor tolerability (12%). 4, 5 Currently, there are no generally accepted strategies for SSRI selection in individual patients, and less than optimal selection approaches may contribute to low efficacy and increased risk of side effects. Evaluation of blood concentration of SSRIs and metabolites has not been helpful, as there is no established relationship between blood concentration and clinical response to SSRIs at usual doses 6 -17 ; nor has any threshold been identified that defines toxic concentrations. Thus, there has been interest in diagnostic biomarkers, such as genetic markers, which could guide treatment decisions at the outset of therapy.
The cytochrome P450 (CYP450) enzymes-primarily CYP2D6, CYP2C19, and CYP2C9 -are involved in the metabolism of virtually all SSRIs. 18 It is important to note that enzymes other than CYP are also involved in SSRI metabolism, 19, 20 and for a given SSRI, more than one CYP enzyme may be involved in its metabolism. 21, 22 Genetic polymorphisms have been identified for most of the CYP450 enzymes that decrease their activity, including alleles causing complete loss of function (also called deficiency alleles). Individuals carrying combinations of decreased activity alleles are referred to as intermediate metabolizers (IMs) , and individuals homozygous or compound heterozygous for the deficiency alleles are defined as poor metabolizers (PMs), reflecting the extent of decrease in activity. Alleles carrying multiple copies of functional genes, on the other hand, lead to increased enzyme activity, with individuals expressing these multiple alleles termed ultrarapid metabolizers (UMs). The majority of individuals, carrying two functionally active alleles, are referred to as extensive metabolizers (EMs). Phenotypically, these classifications translate into differing rates of metabolism of a variety of drugs, potentially leading to toxicity or lack of efficacy in non-EM patients. There are considerable frequency differences across ethnic groups reported for some of the known CYP2D6 polymorphisms. For example, approximately 7% of Caucasians are CYP2D6 PMs, whereas only 1-2% of Asians and 2-4% of African Americans are PMs. 23 In contrast, 10% of southern Europeans exhibit duplication of the CYP2D6 gene, which is associated with the ultra-rapid phenotype. Moreover, some genetic polymorphisms result in differential functional activity, depending on the combination of the metabolized drug and ethnic origin of a given carrier. 24, 25 Several SSRIs are potent inhibitors of some CYP450 enzymes; for example, CYP2D6 activity is substantially inhibited by fluoxetine and paroxetine. This inhibition can raise serum concentrations of other drugs metabolized by that enzyme, increasing the likelihood or severity of drug-drug interactions. This phenomenon is of great importance, as SSRIs are commonly prescribed to patients with medical comorbidities and are prescribed in conjunction with multiple other medications.
In this context, there is increasing interest in the potential role of CYP450 genetic polymorphisms as markers guiding SSRI management in clinical practice, 18, 26, 27 particularly with the commercial availability of diagnostic tools depicting patients' genotypes in key drug-metabolizing enzymes. A significant recent development was the approval by the US Food and Drug Administration (FDA) of the Roche AmpliChip CYP450 Test for this purpose. 28 The AmpliChip delivers the results of testing for CYP2D6 and CYP2C19 polymorphisms in the form of "predicted phenotypes," classifying test subjects as PMs, IMs, EMs, or UMs.
It remains unclear whether sufficient evidence exists to support the utility of such genetic tests in routine clinical practice (I. Grossman, unpublished data). The objective of this study was to systematically and critically review the available literature, using standard methods of evidence-based medicine to inform current decisions about the use of CYP450 genetic testing in the treatment of MDD with SSRIs, and to guide research priorities in service to optimal patient care.
MATERIALS AND METHODS
The primary source of literature was MEDLINE (1966 to May 2006). Additional databases searched included the Cochrane Database of Abstracts of Reviews of Effectiveness, PsychInfo, HealthSTAR, and CINAHL. Searches of these databases were supplemented by reviews of the reference lists contained in all included articles and in relevant review articles. We also included data from the FDA Website describing the operating characteristics of the Roche AmpliChip CYP450 Test. 29, 30 The basic search strategy used the National Library of Medicine's Medical Subject Headings key word nomenclature developed for MEDLINE. Paired researchers from the Duke research team independently reviewed all abstracts and excluded abstracts if they referred to a single case, examined SSRI inhibition of CYP enzymes (unless the study examined how this is related to genotype), or if the study was found to be outside the scope of the report. An abstract was included for further review if at least one of the paired reviewers recommended that it be included.
At the full-text review stage, paired researchers independently abstracted the articles. When two reviewers returned different decisions about whether to include or exclude an article, they were asked to reconcile the difference. Inclusion and exclusion criteria are described in detail elsewhere. 31 The methodological approach adopted was designed to address each component relevant to future formulation of evidencebased recommendations by the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group for the use of genetic testing in depression treatment decisionmaking. To this end, we jointly developed an analytic framework ( Fig. 1 ) that depicts the context in which each of the following key questions should be considered (detailed questions are described elsewhere 31 Each included article was evaluated for methodological quality. For the question regarding analytic validity, we assessed quality of studies based on questions in the "Analytic validity, Clinical validity, Clinical utility, and associated Ethical, legal, and social implications" model for evaluation of genetic testing. 32 For all other questions for which we could identify data, we elected to use the criteria developed by the Oxford Centre for Evidence-Based Medicine 33 to evaluate individual studies based on type of study (therapy versus prognosis versus prevalence) and strength of study design, with numerical scores ranging between 1 and 5 (including 1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 4, 5), where level 1 includes randomized controlled trials or systematic reviews of randomized controlled trials, and higher levels indicate progressively poorer quality, such that level 5 indicates expert opinion without critical appraisal. Results for analytic sensitivity and specificity are presented for the most relevant CYP450 enzymes to SSRI metabolism (CYP2D6, 2C19, and 2C9). Detailed results related to all components of analytical validity assessment (sensitivity, specificity, laboratory quality control, and assay robustness), as well as CYP2C8 and CYP1A1 assay evaluation, are presented elsewhere. 31 All calculations were performed using FastPro version 1.8 (Academic Press, 1992).
It is notable that the definitions of sensitivity and specificity above are most directly applicable to tests with dichotomous results (mutation present or absent). Because there are multiple CYP450 polymorphisms that can be assessed, and each study may provide information on only a subset of polymorphisms, we defined analytic sensitivity operationally as the proportion of known genotype challenge samples that are correctly identified by the test under evaluation. Similarly, analytic specificity was defined operationally as the proportion of known wild-type challenge samples that are correctly identified by the test under evaluation.
RESULTS

Literature search
A total of 1200 abstracts were identified, of which 140 met criteria for full-text evaluation. Thirty-seven articles met the final inclusion criteria and pertained to the questions above. The interrater agreement for inclusion of abstracts (kappa statistic) ranged from Ϫ0.037 to 0.613. 34 Results by question
Question 1: What is the analytic validity of genetic tests that identify key CYP450 polymorphisms?
CYP2D6. We identified nine reports that compared clinical methods for genotyping CYP2D6 polymorphisms to a reference standard. Of these, only two 29, 35 provided a comparison with the gold standard, DNA sequencing (Table 1) .
In all studies the analytic sensitivity and specificity for each tested genotype were 100% and no lower than 94.12% (with the exception of Schaeffeler et al., 36 reporting sensitivity of 91.67% to detect the duplication/(single copy) genotype and specificity of 99.79%). However, only 26 of about 100 known CYP2D6 polymorphisms (http://www.cypalleles.ki.SE/) were evaluated in the included studies, most of which focused on only a handful of these variants.
Quality control procedures included the integration of negative and positive controls into the genotyping process in most studies 29,36 -39 to ensure that results fell within the specified assay limits. Robustness and effect of preanalytic and analytic measures were not measured and reported by all studies.
CYP2C19. We identified three reports that compared clinical methods for genotyping CYP2C19 polymorphisms with a reference standard. Only one study 30 provided a comparison with the gold standard, DNA sequencing.
All three studies reported a high sensitivity and specificity (96.43-100%). However, each study focused on detection of two of the three common CYP2C19 alleles (*2, *3 and *4). Quality control procedures varied across studies. 31 Other CYPs, and gene duplication and deletion. We identified one report that compared clinical methods for genotyping CYP2C9 polymorphisms with a reference standard. 40 We identified two studies that compared methods for CYP2C8 polymorphisms, 41, 42 and one for CYP1A1 polymorphisms, 43 with a reference standard. All of these studies had very high sensitivity (100%) and specificity (100%). Gene deletion and duplication studies had lower sensitivity and specificity, further compounded by the limitation that there is no accepted gold standard for such tests. 31 
Question 2: How well do particular CYP genotypes predict metabolism of particular SSRIs?
We identified 16 studies that met the inclusion criteria for this question. Five studies examined SSRI metabolism after a single dose in healthy adults, 27,44 -47 and the other 11 looked at SSRI metabolism in patients who had achieved steady state after multiple doses. 48 -58 Data from single-dose experiments cannot be extrapolated to long-term drug therapy, as saturation pharmacokinetics, irreversible enzyme blockade, or enzyme up-or down-regulation might change the outcome with multiple dosing. 2, 59, 60 We therefore report only the 11 studies pertaining to prolonged drug exposure.
All 11 studies were conducted in clinical populations (with sample sizes ranging from 11 to 146) and were cross-sectional in design. Sufficient data for calculating confidence intervals for differences in mean SSRI levels between homozygous EM and comparator groups (PM, heterozygous EM, etc.) were available for four studies of paroxetine, four of fluoxetine, and one of fluvoxamine ( Table 2 ). The results for paroxetine and fluoxetine were at variance, with some studies reporting significant differences and others failing to identify such associations. The studies were typically small, resulting in wide confidence intervals (Table 1 ). For fluoxetine, two studies 52, 56 showed a significant difference in mean active moiety levels between CYP2C9 EMs and PMs, but failed to show such differences between EMs and PMs of CYP2D6 (Table 3 ; data for Scordo et al. 56 are not shown, as results were reported as median and range rather than as means Ϯ standard deviation).
Notably, there were several methodological limitations in the identified studies; quality scores ranged from 3b to 4 (nonconsecutive cohort study, or very limited population, or case series).
The overall quality grade for evidence regarding this question was "C" (level 4 studies or extrapolations from level 2 or 3 studies). In addition to very small samples sizes, studies were 
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heterogeneous with regard to the study population, the SSRIs considered, and the CYP450 polymorphisms assessed. Only one study 52 took into account the possibility that more than one CYP enzyme might be involved in the metabolism of a certain SSRI. For fluoxetine, which has an active metabolite, only two studies measured active moiety (parent drug ϩ active metabolite) rather than parent drug alone, 52,56 whereas two others did not. 49, 50 Except for one, 48 most studies accounted for comedications that may be inhibitors or substrates for the enzyme being studied. Benzodiazepines were typically allowed in these psychiatric cohorts, as these drugs are metabolized mainly by CYP3A4 and have no influence on the enzymes studied. One study 51 combined SSRIs and other antidepressants and examined effects of polymorphisms of various CYP enzymes. Combining various SSRIs and SSRIs with other antidepressant medications may have confounded results because of variability in contribution of different CYP enzymes to metabolism of different SSRIs and other antidepressants, and variability in CYP inhibition by different SSRIs.
Question 3: How well does CYP450 testing predict drug efficacy?
We identified only five studies that examined the association between CYP450 genotypes and SSRI efficacy. All studies were cross-sectional in design. All five studied CYP2D6 polymorphisms, and one tested additionally 2C9 and 2C19 polymorphisms. Three studies examined depressed patients taking SSRI antidepressant treatment (Table 3) and did not show a consistent relationship between CYP450 genotype and antide- pressant efficacy. The remaining two studies examined the prevalence of different CYP2D6 genotypes in nonresponders to antidepressant treatment, including SSRIs. Rau et al. 61 found a 3-fold increase in the frequency of CYP2D6 UMs in a group of 16 German depressed patients nonresponsive to antidepressants (only five treated with SSRIs) in comparison with the general population. Kawanishi et al. 64 found a significantly greater prevalence of 2D6 UM phenotypes in nonresponders (subgroup of 81 Nordic Caucasian patients treated with 2D6 metabolized drugs) compared with the general population. Studies of the relationship between genotype and treatment efficacy had a variety of methodological problems. Quality scores ranged between 3b and 4 (nonconsecutive cohort study, or very limited population, or case series), and the overall quality grade for evidence regarding this question was "C" (level 4 studies or extrapolations from level 2 or 3 studies). Several specific problems deserve note. Two studies 63, 64 were pilot studies of the prevalence of CYP polymorphisms in nonresponders to antidepressant treatment. All the studies had very small numbers of patients in the UM groups. Second, only two studies 53,62 evaluated individual SSRIs (fluvoxamine and paroxetine, respectively), whereas the others grouped the SSRIs together or with groups of other antidepressants. Combining various SSRIs together, and specifically SSRIs with other classes of antidepressant medications, may have confounded results because of variability in contribution of different CYP enzymes to metabolism of different drugs, and variability in CYP inhibition by different SSRIs. Third, the two prevalence studies considered 61, 63 have the obvious shortcoming of comparing CYP2D6 UM prevalence in depressed nonresponder patients to the UM prevalence in the general population. It is possible that CYP2D6 UM phenotype itself is associated with presence of severe depression that is treatment-resistant, which may have accounted for the high prevalence of this phenotype in nonresponders to antidepressant treatment. It would be more meaningful to compare prevalence rates between responders and nonresponders to a given SSRI, despite the requirement to screen a very large sample population. In addition, these two studies did not specify exclusion criteria. Finally, genetic factors affecting serotonin receptors and related pathways, membrane transporters, and signal transduction molecules may also confer important pharmacodynamic effects that impact SSRI efficacy. 64 Thus, examining the impact of pharmacokinetic variability resulting from CYP450 polymorphisms on SSRI efficacy in isolation is not comprehensive or optimal.
Question 4: How well does CYP450 testing predict adverse drug reactions?
We identified nine studies that that examined the association between CYP450 genotypes and SSRI adverse drug reactions. Of these, three reported the incidence of adverse effects in PMs, but did not have a comparison group. 27, 51, 65 All the remaining six studies examined only CYP2D6 polymorphisms. Three of the studies reported no differences in rates of adverse effects between PMs and EMs, 61, 62, 66 whereas a fourth 53 reported no differences in adverse effects between the combined PM ϩ IM and EM ϩ UM groups. One study found a greater prevalence of gastrointestinal (GI) adverse effects in PMs compared with EMs. 67 This study also found that the combination of CYP2D6 polymorphism and A-1438G polymorphism of the serotonin 5-HT2A receptor predicted GI adverse effects, such that PM ϩ 5HT2A GG genotype and PM ϩ 5HT2A AG genotype had a significantly greater risk of developing GI side effects 
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December 2007 ⅐ Vol. 9 ⅐ No. 12 compared with EM ϩ 5HT2A AA genotype. Two studies 61, 68 found a significantly higher prevalence of PMs in depressed patients with adverse effects than in the general population. One of these 68 also found the PM phenotype to be more frequent in depressed patients with adverse effects than in a random group of depressed patients. Studies that reported types of adverse effects reported a range of typical SSRI adverse effects including, but not limited to, anxiety, agitation, restlessness, nausea, GI upset, headache, sleep disturbance, and sexual dysfunction. 61, 62, 66 The most common adverse effect reported was nausea. The methodological limitations of these studies were similar to those identified in key question 3 above including small numbers of subjects, SSRIs and other antidepressants studied together, and comparison of adverse effect rate with that in the general population.
Question 5: Does the identification of the CYP450 genotypes in adults entering SSRI treatment for nonpsychotic depression lead to improved clinical outcomes compared with not testing?
We found no randomized trials of CYP450 genotyping to guide SSRI treatment compared with standard empirical treatment for any indication. Additionally, we did not find studies in which patients treated with SSRIs were tested for CYP450 genetic polymorphisms, and in which investigators reported on the impact of such testing on outcomes or on medical, personal, or public health decision-making. Even after relaxing our inclusion criteria to include all methods used for genotyping and all indications for SSRI treatment, we were unable to identify any studies that directly addressed any aspect of this question. In addition, we did not find any studies examining the effect of CYP genotypes on SSRI inhibition of CYP enzymes, leading to adverse effects associated with concurrent medications.
DISCUSSION
There is a paucity of evidence regarding the use of CYP450 genotyping as a guide to the management of SSRIs for patients with nonpsychotic depression with SSRIs. We identified moderately good-quality evidence regarding the operating characteristics of clinical tests used for CYP genotyping (Question 1). However, there was a paucity of high-quality clinical studies addressing the clinical questions. We did not find a single prospective study of CYP450 genotyping to guide treatment and measure subsequent clinical outcomes, or any randomized studies comparing alternative testing strategies. We did not identify any studies that examined the effects of CYP inhibition/induction together with genetic polymorphisms of CYP enzymes (e.g., to evaluate whether there is an additive effect of a CYP2D6 inhibitor medication in a CYP2D6 PM subject such that SSRI levels are higher than the levels without such an inhibitor medication in a CYP2D6 PM subject). Many studies examining the clinical outcomes of efficacy or adverse effects did not comment on blinding between treating clinicians and those responsible for interpreting results of genetic testing, or on patient blinding.
Genetic factors affecting serotonin receptors and their downstream pathways, membrane transporters, and signal transduction molecules have important pharmacodynamic effects that may affect SSRI efficacy or tolerability. 64,69 -81 Thus, genetic factors other than pharmacokinetic factors can impact SSRI outcomes, and it is suboptimal to examine effects of CYP polymorphisms on SSRI outcomes in isolation. Multivariable pathway analyses are rapidly emerging and may provide more information regarding the proportion of risk for poor outcomes in SSRI treatment of depression that may be attributable to a certain factor, such as CYP polymorphisms. A recent study 82 searched for genetic predictors of treatment outcome in 1953 patients with nonpsychotic major depression treated with the SSRI citalopram. Sixty-eight chosen candidate genes were genotyped with 768 single-nucleotide polymorphism markers chosen to detect common genetic variation. A significant association was found between treatment outcome and the HTR2A gene, which encodes the serotonin 2A receptor. Genes primarily involved in citalopram drug metabolism are currently being studied independently by another group using the same DNA samples. These forthcoming results may begin to answer some of the questions posed in this report.
Additionally, clinical factors need to be considered when studying genetic variables affecting antidepressant response. The range of treatment response in depression spans the entire gamut, with patients experiencing anything between complete remission to a switch to mania in some bipolar patients. Spontaneous remissions are possible as well. In addition, treatment response may further be affected by multiple factors including, but not limited to, age, gender, severity of symptoms at baseline, duration of symptoms, comorbidity with other psychiatric illnesses such as personality disorders, and medication compliance. 83 Because several clinical and demographic variables affect the sum total treatment response, it is challenging to discern the effect of a single genetic variation on specific measurements of treatment response. A recent review proposes ways to deal with each of these variables when designing pharmacogenetic studies in depression and may serve as a useful guide. 84 Comparison of the results of available tests for CYP450 genotype with a reference standard suggests that the analytic sensitivity and specificity of available tests are generally high, although some serious concerns remain. In the evaluation of gene deletions and duplications, assessing the magnitude of the potential problem is limited by the lack of an established gold standard for gene copy number. Another concern is that few CYP450 variants were interrogated by the studies we identified, which focused particularly on the more common variants in Caucasians. Only a few studies reported performance relative to the gold standard of DNA sequencing (whether bidirectional or unidirectional); all were applied to a limited number of samples (as reflected by the wide confidence intervals calculated for analytic sensitivity and specificity); and there was no standard assessment report scheme for evaluation of quality control or assay robustness, preventing an objective performance evaluation of each method, as well as comparison between reports.
In depressed patients who have reached a steady-state concentration of an SSRI, the limited existing data do not demonstrate a clear correlation between CYP metabolizer status and (1) SSRI concentrations, (2) efficacy of SSRIs, or (3) tolerability of SSRIs. We did not identify any studies that addressed whether testing for CYP450 polymorphisms in adults entering SSRI treatment of depression leads to improved clinical outcomes compared with not testing.
FUTURE RESEARCH
The most salient finding of this review is the paucity of data supporting CYP450 genotyping in the clinical SSRI management of depression. Perhaps we should not have expected otherwise, given the fact that the FDA granted approval to the Roche Amplichip based on test accuracy, and not necessarily improved outcomes in a particular clinical condition. As more genetic tests gain FDA approval for technical performance, it is imperative to gather undisputable data supporting the utility of these tests in well-defined clinical populations. We propose the following types of studies to fill in the gaps in existing knowledge regarding CYP450 genotyping in the treatment of depression with SSRIs (the conceptual model that forms the basis for the proposed studies is described in detail elsewhere 31 ):
1. Studies of CYP genotyping in a large variety of populations to ascertain sensitivity and specificity of genotyping as applicable in real-world settings: it is essential that such studies explore a large range of the known possible polymorphisms functionally affecting each enzyme, refraining from focusing solely on the detection of the major alleles relevant to Caucasians and African Americans. To reliably assess the performance of these tests, the sample sizes employed must demonstrate sufficient statistical power to report results within narrow margins of confidence intervals, repeatedly and consistently concluding identical genotype calls. 2. Studies that better describe the CYP polymorphism-associated differences in the rate of metabolism of each individual SSRI in different ethnic group: these should overcome the limitations of current literature addressing this issue, such that they are adequately powered, address individual SSRIs, account for diet, and comedications, particularly CYP inhibiting or inducing drugs. 3. Multigenic pathway analysis studies that provide guidance regarding extent of variation in depression treatment response attributable to CYP enzymes and other pharmacokinetic and pharmacodynamic molecules of relevance: these models, although difficult to design because of limited statistical power, would be able to reflect gene-gene interactions, as well as gene-environment interactions of sufficient effect size.
4. Studies that could better ascertain the predictive value of CYP genotyping in depression treatment outcomes, and its impact on medical or personal decision-making: the suggested study design would be a properly sized (likely to be large) randomized trial of CYP genotyping-guided treatment versus treatment as usual. Such a trial should be in keeping with design standards aimed at minimizing bias (e.g., using intent-to-treat analysis, blinding of physicians and patients), maximizing generalizability (e.g., representative of individuals with severe nonpsychotic depression), and including meaningful outcomes (e.g., short-term treatment success, satisfaction, resource utilization). Such a study would provide answers about rates of dropouts/nonresponse in individuals who were genotyped versus those who were not. It would also provide data about treatment decisions by providers and patients, based on genotyping, and the outcome of such genotyping-guided treatment (e.g., different SSRI choices, higher starting doses in UMs or lower doses in PMs) in comparison with the current practice of "trial and error." It may also provide valuable information about harms. 5. Studies that could better examine the importance to patients of potential outcomes, such as time to response or quality of life during the early treatment of depression: a suggested study would be a utility or a "willingness-topay" model to determine value of these outcomes to patients.
Even if evidence favors all of the above individual studies, it would support rather than prove that adopting CYP450 testing would improve patient outcomes. Another approach would be to encompass multiple steps above into a randomized controlled study that would test this linkage directly. The simplest study would involve linking a specific genotype to SSRI type and dose. This would provide a direct test of the rationale provided by the foundational studies described above (i.e., when clinicians treat in a way indicated by evidence, does it make a difference?). However, such a study would not be a direct test of the utility of genotyping in clinical practice if the utility of testing is highly patient-specific and not suitable to being described by an algorithm. In an alternative design, patients would be randomized to being genotyped, without mandating that treatment be based on the results. The most pragmatic, but also the most difficult type of study would be a "practical clinical trial." 85 Rather than randomizing by patient, such a study would involve randomizing clusters (e.g., clinicians, practices, or regions) to have genotyping available (or perhaps reimbursed) or not. This would provide a test of the overarching question, "What difference does having genotyping available make in clinical practice?"
In summary, the evidence reviewed herein demonstrates the high analytic sensitivity and specificity of tests for cytochrome P450 (CYP450) genotyping, but for few of the known variants. The short list of papers addressing the key questions clearly demonstrates the lack of sufficient evidence for incorporation of any of these tests into guidelines for clinical practice. More-over, CYP450 genotyping may be only one of several genetic variants affecting response to antidepressant treatment, in addition to genetic variations in serotonin receptors, etc. There is a critical need to carry out research as described above. We anticipate that the issue will not be one of safety, but rather one of decreasing morbidity and thereby improving quality of life in patients with major depression. Considering the high prevalence of depressive disorders and the length of time required to determine whether a given antidepressant is successful or not, there may be a perceivable impact at the population level if even a small benefit can be demonstrated at the individual level. However, we call for extreme caution in interpreting any CYP genotyping results until prospective evidence-based research proves an unequivocal association between these variants and SSRI treatment outcomes in the treatment of MDD.
